Bidens pilosa L. is a heterocarpic weed species with two cypselae types that present morpho-physiological differences, being the peripheral type smaller and slower to germinate than the central one. We aimed to verify how the germination mechanism varied between types. We focused on two mechanisms: (1) pericarp constraints (physical and chemical) and (2) hormonal stimulation (Abcisic acid [ABA] and Gibberellin [GA]). Both cypselae types are physically constrained by the pericarp, for when it is excised both seed types increase their germination, but behavioral differences still remain. The pericarp of the peripheral type also has chemical inhibitors that effectively inhibited germination of the intact central cypsela. To test the hormonal effects, we focused on the ABA:GA control. Both cypselae responded to an exogenous ABA concentration gradient, however there is no variation between types on the sensitivity to it. Also, both cypselae types were indifferent to Fluridone (ABA inhibitor), which indicates that the dormancy is not maintained by de novo ABA synthesis. Cypselae types had different sensitivity to an exogenous GA 3 gradient, the central type being more sensitive to the treatment than the peripheral one. But when the endogenous GA synthesis was blocked by Paclobutrazol, both types responded equally to same GA 3 concentrations. This indicates that endogenous GA synthesis may be related to differences observed on germination of cypselae types. To conclude, seed types differ on their growth potential to overcome the pericarp resistance: while the inhibitor in the peripheral pericarp reduces growth potential, GA increases it.
Introduction
Many higher plants produce diaspores with two or more morpho-physiological traits to favor seed establishment and plant dispersion, a strategy known as seed heteromorphism. This reproductive strategy is found in many plant families and it is particularly common in Asteraceae (Imbert, 2002; Baskin et al., 2014) . In Bidens, the accepted dicarpy model is that the central cypsela is bigger and germinates faster than the peripheral ones (Forsyth and Brown, 1982; Rocha, 1996; Amaral and Takaki, 1998; Brändel, 2004) . They follow the H/L-L/H strategy according to Baskin and collaborators (2014) . Thus, the central type has more chances to widen its spatial dispersal area. On the other hand, the germination delay allows the peripheral one to increase its temporal spread.
To avoid early establishment and environmental threats, fresh seeds germinate after some requirements are found, which vary among species populations. This barrier is alleviated by environmental signals that trigger inner embryo mechanisms provoking root protrusion, which is germination stricto sensu (Finch-Savage and Leubner-Metzger, 2006; Martins et al., 2015) . In many cypselae (or achenes) species, the pericarp restricts embryo growth by two main ways: mechanical restriction and/or chemical inhibition. The pericarp may limit water and air exchanges, causing a delay in seed germination (Venable and Levin, 1985; Aguado et al., 2011) . It also impedes embryo growth mechanically through the presence of fiber layers or hard tissues (McEvoy, 1984) . Also, the pericarp may contain chemical inhibitors that block the progress of embryo development (Matilla et al., 2005) ; those soluble leachates retard cypsela germination (Forsyth and Brown, 1982; Beneke et al., 1993) .
Bidens pilosa L. is an Asteraceae species that has crop weed importance and it is worldwide distributed. Its germination was investigated previously, which indicated its dicarpic behavior (Forsyth and Brown, 1982; Rocha, 1996; Amaral-Baroli and Takaki, 2001 ). However, the mechanism which induces different physiological behaviors in each cypsela type is under discussion. Rocha (1996) suggests the peripheral cypsela pericarps are thicker than the central ones. Forsyth and Brown (1982) showed an inhibitor effect from the peripheral type cypsela. Amaral-Baroli and Takaki (2001) proposed that both types have different environmental sensitivity.
The main control mechanism of germination is the hormonal balance between Abscisic acid (ABA) and Gibberellins (GA). The first one is related to dormancy maintenance, the second triggers the embryo growth.
The relation between the concentration (synthesis or degradation) and the sensing of each hormone will trigger the germination process (Finch-Savage and LeubnerMetzger, 2006; Barua et al., 2012) . The hormonal balance can be influenced by secondary compounds which may maintain the dormancy (Matilla et al., 2005) .
The aim of this work was to study the germination behavior of dicarpic B. pilosa via hormonal stimuli and pericarp removal manipulations. Initially we focused on verifying the behavioral variation: (1) germination of four populations and (2) their ABA sensibility, via exogenous ABA and Fluridone gradients. We verified the pericarp removal manipulations for: (1) isolated seed performance; (2) effect of pericarp leachate on isolated seed or intact cypsela germination; (3) exogenous GA sensitivity of intact and pericarp removed seeds. Our hypothesis is that the pericarp inhibitor on the peripheral cypsela will induce ABA synthesis on the peripheral cypselae, which moves the hormonal balance to a dormant state. On the other hand, the absence of that inhibitor makes the central type germination faster than peripheral ones.
Material and Methods

Cypselae collection
Cypselae of Bidens pilosa L. were collected from populations growing in rural or urban sites at Rio Claro, SP, Brazil. The distances between populations varies from 5.21 to 13.5 km (Table 1) . The ripened capitulum was collected from, at least, twenty five plants. The cypselae of each plant, or small group (when they were tangled), were stored in paper bags under room conditions (approx. 25 ± 2 °C) for less than one month. When needed for a new experiment, fresh cypselae were collected at the same site to avoid after-ripening effects on stored seeds.
Germination variation among populations
To analyze physiological variations among populations, we carried out germination assays with freshly collected cypselae (one day storage). Prior to the assay, cypselae were selected by each type, and then twenty-five of them were put inside 90 mm Petri dishes lined with two layers of filter paper (Prolab, Brazil) . Then the dishes were moistened with 5 mL deionized water and kept under constant fluorescent white light stimulus (approx. 30 μmol. m 2 .s -1 ) or in the dark (inside black polystyrene boxes) at 25 ± 1 °C in a germination room. Five replicates were made for each treatment. Germinated seeds were scored every day for light treatment and weekly for the dark treatment, the latter occurring in a dark room under dim green safe light. At the end of the assay (after 3 weeks), the viability of non-germinated cypselae was tested with tetrazolium (0.5% in phosphate buffer kept at 41 ± 1 °C for 24h).
Variation of sensitivity to abscisic acid
To evaluate the effect of ABA on the germination of cypsela types, we applied exogenous ABA or Fluoridone (FLU). Twelve cypselae of each type were placed inside 50 mm Petri dishes lined with two layers of filter paper (Prolab, Brazil) moistened with 3 mL of different solutions. Four replicates were made for each treatment. Assays were performed for the four populations. Solutions were: 0.05, 0.5, 5 μM ABA (Sigma-Aldrich Co., US); 0.1, 1, 10 μM FLU (Fluka; Sigma-Aldrich Co., US), and both stock solutions were diluted in ethanol (max. 0.1%); concentrations were chosen based on previous assays and literature (Barua et al., 2012) . Petri dishes were maintained under the same conditions (light and darkness) described above. Every week, cypselae were placed into dishes with a newly prepared solution to ensure constant hormonal concentration. Censuses and dish exchange were performed daily at room temperature for light treatments, and in the darkroom for dark treatments. The assays lasted three weeks and the viability of non-germinated cypselae was tested, as mentioned before.
Pericarp influence on seed germination
To analyze the role of pericarp in seed germination, we used the "Horto" population due to high cypsela availability and their physiological responses. Freshly collected cypselae were kept for 4 to 12h in darkness in a humid chamber (no direct contact with liquid water) prior to pericarp removal. Then, in the dark room, under dim green safe light, the pericarps of 12 cypselae per Petri dish were carefully separated from the seeds (testa, endosperm and embryo) using forceps and a stereoscope. Treatments were: (1) intact cypselae; (2) intact cypselae with crushed pericarp of another type (crossed fruits influence); (3) excised seeds; and excised seeds of both types with crushed central (4) and peripheral (5) pericarps. Pericarps were crushed with a mortar, and silica sand was added to help with the crushing. The cypselae or seeds were put inside 50 mm Petri dishes, to optimize the leachate effect, lined with one layer of filter paper (Prolab, Brazil), under which one layer of silica sand (treatments 1 and 2) and powdered pericarps (treatments 3 and 4) were added. All dishes were moistened with 3 mL deionized water and maintained under the same conditions (light and darkness) such as detailed above. Germination time was recorded for further analysis twice a day for the light treatments, to verify for subtle differences, and once a week for the dark treatment.
Gibberellic acid effects on germination
For the first assays, we used the "Horto" population. Four replicates of 30 cypselae of each type were put inside 90 mm Petri dishes lined with two layers of filter paper (Unifil, Germany) moistened with 7 mL of GA 3 solution. The GA 3 (VETEC, Brazil) work solutions were diluted in ethanol and deionized water was added to reach final concentrations of 50, 100, 500, and 1000μM, determined via previous tests.
The assays were maintained under the same conditions mentioned above (light and darkness); dishes were renewed twice a week, to ensure constant hormonal concentration, and scored daily for both treatments. Seeds in darkness treatment were counted daily to account for its germination behavior. At the end of the assay (after 30 days), the remaining non-germinated cypselae were tested with tetrazolium. The dead seeds were excluded from the statistical analysis.
Sensitivity to exogenous gibberellic acid
To assess the sensitivity for exogenous GA, "Horto" and "Ajapi" populations were used in this second assay. Four replicates with 12 cypselae or excised seeds of each type were placed in 50 mm Petri dishes lined with one layer of filter paper to favor the pericarp leachate diffusion. The manipulation treatments were: (1) intact cypsela, (2) isolated seeds, and (3) seeds with crushed pericarp. Fruit removal followed the protocol described above. All dishes were then moistened with 3 mL of solution or deionized water for the control. Solutions were Paclobutrazol (Pestanal®; Sigma-Aldrich Co., US) 200 μM diluted in acetone (PAC), and 10, 100 μM of GA 3 diluted in ethanol. The final concentrations of the work solution were 0.03% acetone and 0.1% ethanol (to 100μM GA 3 ), and it may have had toxic effects for some seeds. We used an endogenous GA inhibitor (PAC) to avoid the bias caused by GA synthesis variation among embryo types (detailed below). The dishes were renewed weekly to ensure constant solution concentrations due to GA stability.
Statistical analysis
We tested germination behaviors such as (1) final germination proportion and (2) germination rate, by two modeling approaches: (1) Generalized Linear Mixed Models (GLMM) and (2) Time-to-event Analysis, respectively, both focusing on cypselae or seeds as sampling units. These modeling methods were preferred to deal with individual seed behavior rather than with the population inside dishes (Sileshi, 2012) . All analyses were performed with R ( R Development Core Team, 2013) .
The final germination proportion of the treatments was analyzed by multiple regression generated by GLMM or GLM (General Linear Models), the latter when the random effect was not significant. To make the models we used Binomial distribution of the errors with log link ('lme4' package (Bates et al., 2014) ). Model building followed Zuur et al. (2009) recommendations.
When chosen, via model comparison excluding the non-significant variables, the final model coefficients (β) were analyzed by multiple pairwise Z-test comparison via least-square means ('multcomp' package (Hothorn et al., 2008) and 'lsmeans' package (Lenth, 2016) ).
For germination behavior responses, we used Time-to-Event analysis, also known as survival analysis ('survival' package (Therneau and Grambsch, 2000) ), which allows analysis of events such as germination (that occurs over time), and quantification of effects of contributing factors (Onofri et al., 2010) . The germination times of the individual seeds were used to calculate the probability that one seed may germinate after a specific time t once the assay began. The time the seeds take to germinate is preferred to final germination proportions to detect variations in seed behaviors. The censuses were considered to yield "exact data" due to daily verification. Non-parametric Kaplan-Meyer estimator was made before modeling to estimate germination probability. Parametric Accelerated Failure Time (AFT) modeling was then run to estimate the best distribution (Weibull, log logistic, logarithmic or exponential). Based on Akaike´s Information Criterion we chose the model that best fitted the non-linear regression model of cumulative germination data. The AFT is known as fully parametric because the survival functions follow the parameters of the chosen distributions. It also assumes there is a linear relationship between the logarithm of time to germinate and the analyzed factors. The latter accelerates or decelerates germination curves according to a coefficient (b). For the models, we used fixed explanatory variables: cypsela types, light treatments, the assay treatment (depending on the assay), and all interactions. Replicates and/or populations were tested as clustering random effects and included in the model using the frailty function of the survival package with Gamma distribution, to check if it had significance within the model; if not, then it was removed from the model (Onofri et al., 2010; Délye et al., 2013) .
The F-statistics were used to verify the significance of the variable inputted in the model. When ready, the final model was Z-tested for factor effects on the germination curve coefficients via multiple comparison, with Bonferroni p-value adjustment.
For both model-building procedures, the non-viable cypselae, which were tested with tetrazolium at the end of each assay, were excluded from the analysis. We assumed that their embryos were either undeveloped or damaged, but it wasn't possible to detect which because of the pericarp structure.
Results
Germination variation among populations
Germination proportion varied for B. pilosa cypsela types, with the peripheral cypselae presenting lower germination proportion when compared to the central ones for the whole model ( Figure 1A , β = -2.27 ± 0.71, z = -321, p = 0.001). Also, both cypselae types showed a significant requirement for white light to trigger its germination (β = 6.80 ± 0.73, z = 9.27, p<0.001), even though there is some germination for two populations. "Cana" and "Horto" populations presented no germination for both types under the darkness treatment. The final germination proportion model included cypselae types, light treatment, population, cypselae types x population and light treatment x population interactions as fixed effects. The model distribution was binomial linked by log logistic function. Under white light, cypselae types differed for all populations, represented for its t 50 (i.e. time to 50% germination). Central cypsela type germinated faster than peripheral ones (b = 0.42 ± 0.17, z = 2.39, p = 0.002). The model estimated around 4 days to accomplish 50% germination of central cypselae, while for the peripheral ones the model estimated between 5 to 22 days. The germination behavior among populations varied for peripheral cypsela, with "11-B" having a significant faster germination than other populations (p<0.001), while the central ones did not differ. The AFT model for the germination rate was built considering populations, cypselae types and their interaction as fixed variables, and the dishes were considered as random effects, and the model was log logistic distributed.
Variation of sensitivity to abscisic acid (ABA)
The increased ABA concentration reduced germination of the cypselae (Figure 2A , β = -2.68 ± 0.74, z = -3.59, p<0.001, 0 vs. 5 µM of ABA). Cypselae types (β = -1.09 ± 0.32, z = -3.36, p<0.001) and light treatment (β = 4.09 ± 0.39, z = 10.54, p<0.001) were also significantly different. However, the triple interaction was not significant for the model, thus it is not possible to test for the pairwise comparison. The ABA sensitivity assay model was made with three main effects, i.e. cypsela type, light and hormone treatments, and the interaction of the cypsela type:light treatment and hormone:light treatment. Also, populations were added to the model as random effect. The model distribution was binomial linked by log function.
Both main effects, cypsela type ( Figure 2C , b = 0.79 ± 0.05, z = 15.68, p<0.001) and hormonal concentration ( Figure 2C , b = 0.12 ± 0.01, z = 9.77, p<0.001), were significantly different. In addition, the interaction showed variation between cypselae types within the ABA gradient (b = 0.09 ± 0.02, z = 4.49, p<0.001). It is probably related to intrinsic cypsela germination delay. Thus, ABA reduces the germination timing at a similar proportion for both types. For the AFT germination rate model all treatments and their interactions were significant: cypsela type, hormone and interaction, by log logistic distribution. The population was added as random effect.
To verify variation among populations, we made a new GLMM model with just the 5μM ABA concentration. There is a difference on the population responsiveness, while we did not detect variation on cypsela type germination for the whole model ( Figure 2B , β = -0.76 ± 0.50, z = -1.52, p = 0.13). However, through pairwise comparison, peripheral types of all populations presented slower germination than central ones, except for the 11-B population (b = 0.75 ± 0.42, z = 1.77, p = 0.08). For that population model, cypselae types and their interactions were the fixed effects variables and the dishes were considered random effects, and it was log logistic distributed.
Both cypselae types were insensitive to FLU, indicating that de novo ABA synthesis neither influenced final germination proportion ( Figure A1A of Annex A, β = 0.25 ± 0.21, z = 1.22, p = 0.22) nor rate ( Figure A1B of Annex A, β = 0.00 ± 0.005, z = 0.02, p = 0.99) for cypselae of B. pilosa. For the germination proportion model (Binomial distributed), the main effect of FLU concentration increase was not significant, i.e. there is no seed behavior variation. Also, the AFT model showed no response to FLU. The yellowish seedling color observed may indicate that there is no ABA de novo synthesis that inhibits embryo germination for both types. . Estimated values of final germination proportion on exogenous Abscisic acid gradient (A), final germination proportion of the populations submitted to 5 µM of ABA (B) and time to 50% germination (t50) of the ABA gradient of B. pilosa cypsela (C). The symbols represent estimated values for cypselae types (types) among different ABA concentrations (hormone) and collected populations (populations). The binomial model for the ABA concentrations accounted for types, hormone, types x hormone as fixed effects, and the populations as random effect. The binomial model for the populations on 5 µM of ABA accounted for types, populations, types x populations as fixed effects, and the replicates as random effect. The time-to-event analysis model (AFT) of the germination time generated accounts for types, hormone and types x hormone. For graphical purposes both random effects were not considered. Error bars = Standard error. The "+" and "x" represent real data results.
Pericarp influence on seed germination
According to the model, the mechanical removal of the pericarp increased the germination proportion ( Figure 3A , β = 5.42 ± 1.35, z = 4.02, p<0.001, Intact vs. No fruit), which was evident for the treatment under darkness. Chemical restriction was not observed for the intact cypsela (β = -15.57 ± 1009.57, z = -0.02, p = 0.99, Intact vs. Crossed), neither for the isolated seed in central (β = -1.37 ± 0.91, z = -1.50, p = 0.13, Intact vs. Central) nor peripheral (β = -1.37 ± 0.91, z = -1.50, p = 0.13, Intact vs. Peripheral) leachate treatments. The influence of the pericarp in the final model accounted for the cypsela type, light treatment, pericarp restriction treatments, and cypsela type:light and cypsela type:pericarp restriction treatment interactions. The model distribution was binomial linked by logarithmic function.
The pericarp removal treatment affected germination timing just for the peripheral type ( Figure 3B 
Response of germination to hormonal promoter
The rise in GA 3 concentration increased the germination proportion of both cypsela (β = 1.59 ± 0.15, z = 10.59, p<0.001) ( Figure 4A ). The global model did not present significant difference for cypsela type (β = -0.39 ± 0.26, z = -1.47, p = 0.14) or light treatments (β = 23.98 ± 41.96, z = 0.006, p = 0.99). However, under darkness, hormone addition overcame the light requirement for germination for both cypselae types and their germination varied along the gradient (β = 2.03 ± 0.26, z = 7.69, p<0.001). The model for the GA 3 sensitivity assay considered three main variables: cypsela type, light and hormonal treatments, and their interactions, except for the triple interaction. The random effect of the replicates was also considered. The model distribution was binomial linked by log link.
The germination probability differed between type (b = 0.38 ± 0.08, z = 4.73, p<0.001), light (b = -2.41 ± 0.06, z = -42.88, p<0.001) and GA 3 concentration treatments (b = -0.001 ± 0.00, z = -18.82, p<0.001) ( Figure 4B ). Under white light, germination rate differed for both types (b = -0.36 ± 0.04, t = -10.30, p<0.001), as well as under darkness (b = -0.47 ± 0.05, t = -8.79, p<0.001). The AFT model was made with the same variables as in the previous model, i.e. cypsela type, light and hormonal treatments, and all their interaction. This model was log logistic distributed.
Sensitivity to exogenous gibberellic acid
This assay was carried out to verify GA influence on germination progress of intact cypselae and excised seeds. It differs from the previous GA 3 sensitivity assay because we excluded internal GA production, thus our focus was the difference of the amount of GA required to actually induce germination. Cypselae types slightly differed on their responses in the model ( Figure 5 , β = -0.91 ± 0.23, z = -4.01, p<0.001). For all manipulations, higher GA 3 levels increased germination proportion (β = 2.47 ± 0.57, z = 4.35, p<0.001, PAC vs. PAC+100 µM GA 3 ). Removal of the pericarps increased seed germination ( Figure 5B , β = 2.97 ± 0.77, z = 3.85, p<0.001). On the other hand, the addition of the powdered fruit did not affect GA 3 sensitivity (β = 0.63 ± 0.53, z = 1.18, p = 236), thus we considered that the fruit leachate may not be related to GA sensing pathway. At the end of the assay, the remaining ungerminated seeds were 78.74% viable for solution treated cypselae against 89.43% for the control, thus we considered the treatment of low toxic effect. The model GLMM accounted for seed types, pericarp manipulations and hormonal treatments (PAC; PAC+10μM GA 3 ; PAC+100μM GA 3 and the control) as categorical variables, with the interaction being homone:manipulation. Both dishes and populations were added as random effects. This model distribution was binomial linked by log function. 
Discussion
The dimorphic behavior of Bidens pilosa has been previously reported in other works (Forsyth and Brown, 1982; Rocha, 1996; Amaral and Takaki, 1998) ; however, our effort was the first to investigate the nature of the germination constraints on cypselae types. Despite the fact that the pericarp may not influence the dicarpic seed germination (Souza Filho and Takaki, 2011) , there are species in which different mechanical constrains are imposed by the pericarp (Imbert, 2002) . Still, few reports presented chemical constraints on the germination of heterocarpic species. Our experiments using germination active compounds and pericarp manipulation points that both mechanical and chemical constraints are influences for the dicarpy of B. pilosa.
The dicarpic behavior of B. pilosa cypsela might vary among different populations. No previous work reported that difference on the dicarpic behavior for B. pilosa. Under laboratory conditions, the central cypsela germinated 2 to 4 times faster than the peripheral ones. The germination timing variability is attributed to the peripheral cypselae rather than the central ones, which for the 11-B population was faster than for the populations from the other sites. In Crepis sancta populations, the germination rate of both cypsela types varied (Dubois and Cheptou, 2012) . Variation in peripheral cypsela delay can be related to a strategy to maintain the populations (Rocha, 1996) . Germination delay is a response to environmental effects on the mother plant. This plasticity optimizes sibling establishment and guarantees the maternal population maintenance (Donohue, 2005; Wang et al., 2012) .
The physiological mechanisms for seed germination can be detected via hormonal sensitivity (Barua et al., 2012) , so we tried to detect variations among cypselae types or populations. The inhibitory effects of ABA on seed germination delay radicle expansion and weaken the endosperm, in addition to enhancing the expression of transcription factors (Miransari and Smith, 2014) . This signaling can be affected in other ways that can increase or release seed dormancy deepness. Some Arabidopsis ecotypes presented different ABA sensitivity, via DOG1 (Delay of Germination) expression, with seed dormancy increasing with higher expression. On the other hand, there is little variation in exogenous ABA response among Arabidopsis genetic backgrounds, and their responsiveness seems to be related to gibberellins pathway (Barua et al., 2012) . The exogenous ABA decreased seed germination in B. pilosa. Also, responsiveness varied among populations. Variation of the ABA response related to the peripheral ones may be related to its maintenance strategy, where this type should "fit better" to the surrounding environment. Endogenous ABA content, maintained by its anabolism, during seed imbibition, is responsible for dormancy maintenance in several species (Finch-Savage and Leubner-Metzger, 2006) . However, it was not the case with mature fresh seeds of B. pilosa, where ABA anabolism is not related to the maintenance of germination delay, evidenced by inefficiency of Fluridone. However, we do not discard that a secondary dormancy or dormancy cycling is present, caused by unsuitable environmental conditions (Footitt et al., 2013) .
Root protrusion occurs when the increase in embryo growth potential overcomes pericarp blockage (Sun et al., 2009) . Mechanical constraints were observed just for the peripheral cypsela due to the increase in germination after the pericarp removal. In Hemizonia increscens, the pericarp of peripheral cypsela physically impedes embryo growth and, when excised or nicked, germination is quicker, whereas removing the pericarp of central cypselae has no effect (Tanowitz et al., 1987) . Pericarp structure cause a barrier effect for Senecio jacobaea (McEvoy, 1984) , Heterotheca latifolia (Venable and Levin, 1985) and Anthemis chrysantha (Aguado et al., 2011) . Thus, the pericarp of the dormant cypsela type acts as a barrier for embryo growth via development of sclerenchymatous cell layers. In Senecio jacobaea the dormant marginal cypselae presented lower seed:cypselae ratio than central ones (McEvoy, 1984) . Thus we consider that the peripheral cypselae demand a higher environmental stimuli than central ones, via GA signaling, to gain growth potential to overcome mechanical constraints and actually germinate (Amaral-Baroli and Takaki, 2001) .
Some chemical inhibitors can be present in the external diaspore layers that can reduce the growth potential of the embryos (Beneke et al., 1993; Jia et al., 2012) . Forsyth and Brown (1982) observed that ethanolic extracts of peripheral cypselae contained unknown compounds (or groups) that reduce the germination of the central type. We also obtained similar results in our manipulations. The intact central cypselae suffered a slight reduction in the germination timing when exposed to the peripheral pericarps. However, the excised seeds were less responsive to that chemical effect. The main compounds pointed out were some flavonoids and coumarins (data not shown). Some secondary compounds influence seed dynamics, e.g. proanthocyanidins, which are present in the testa of Arabidopsis thaliana. They induce ABA anabolism in the embryo, thus maintaining dormancy (Jia et al., 2012) . Nevertheless, this pathway was not observed in the germination mechanism of B. pilosa seeds, because FLU was not effective to alleviate dormancy. Whitaker et al. (2010) showed that the germination of peripheral cypselae of B. pilosa is stimulated by some reactive oxygen species donors, which alleviate their dormancy. Superoxide (methyl viologen dichloride hydrate [MV]) affects both after-ripening dormancy and light requirement processes. On the contrary, hydroxyl radical generators, i.e. hydrogen peroxide and Fenton reagent, induce little germination. Thus, the antioxidant action of the flavonoids of the pericarp can scavenge the endogenous superoxide from the embryo and inhibit its germination. The addition of peripheral pericarp leachates on intact central cypselae may also affect germination via superoxide scavenging (Rice-Evans et al., 1997; El-Maarouf-Bouteau et al., 2015) . In Dimorphotheca sinuate (monocarpic), D. polyptera, (dicarpic) and Artotis fastuosa (dicarpic), the addition of pericarp leachate inhibited their growth germination, described as condensed tanniferous substances (proanthocyanidins). In addition, the partial removal of the pericarp released cypselae from dormancy. For those species, dormancy maintenance is attributed to both mechanical and chemical germination resistance (Beneke et al., 1993) .
GA triggers various mechanisms that allow germination sensu stricto, or root protrusion: both embryo growth and endosperm weakening overcome the mechanical resistance of the envelope and need GA anabolism (Yamaguchi and Kamiya, 2000) . GA also down-regulates ABA-up-regulated genes: (1) GA reduces ABA levels by affecting ABA biosynthesis; (2) GA negatively regulates the ABA response pathway; and (3) GA and ABA signals are targeted independently of the distinct cis-regulatory sequences of a single gene (Ogawa et al., 2003) . In ungerminated seeds, GA concentrations are maintained by endogenous homeostasis, which limits them. In A. thaliana, these mechanisms are controlled by GA 20 -oxidases and GA 3 -oxidases that are negatively regulated by GA activity through feedback inhibition, whereas GA up-regulates the genes encoding GA-deactivating GA 2 -oxidases through a positive feed forward loop (Olszewski et al., 2002) . The addition of exogenous GA 3 to the medium increases GA concentration and forces GA-mediated genes to express and trigger root protrusion. In cypselae of B. pilosa, exogenous GA increased the peripheral type germination rate under light, and the germination proportion and rate in darkness. However, we observed that the central type is more responsive to GA 3 than the peripheral one.
To check for the difference on GA sensitivity among the types we manipulated the growth potential of the embryos via excluding the endogenous GA production using paclobutrazol. The PAC treatment inhibits the mono-oxygenases involved in the oxidation of ent-kaurene into ent-kaurenoic acid -a GA pathway precursor (Jacobsen and Olszewski, 1993) . The 200 µM of PAC solution was effective to inhibit germination and maintained seed viability of intact cypsela; however, the removal of the pericarp facilitates the embryo growth, showing slight germination. Comparing the types, we verified little difference in germination, so we consider that the growth potential imposed by the variation on GA production is the main reason for different germination behavior. The pericarp acted as a blockage for both cypsela types on the GA sensitivity assay corroborating the hypothesis that endogenous GA plays a role causing different germination behavior.
For both B. pilosa cypselae, pericarps act mechanically to inhibit seed germination, however the peripheral type is relatively more impeded. Felippe (1978) also showed that alleviating the pericarp mechanical constraints through apex removal of B. pilosa cypselae overcame photodormancy. The difference in cypsela germination is not directly related to pericarp mechanical constraints alone.
Our efforts revealed the nature of B. pilosa to be dicarpic, with the behavior of cypselae types depending on two pericarp components: (1) mechanical and (2) chemical.
Both negatively interacted with the embryo growth potential to block the germination sensu stricto and, depending on the intensity, generated a deviation between cypselae types, and that can vary among populations. The mechanical constraints seem to affect similarly both cypselae types, however the embryo growth of the peripheral ones are depreciated by the inhibitor leachate from the pericarp. Also, the chemical does not affect the GA-ABA regulation directly, because there was no detection of de novo ABA synthesis and no difference on GA sensitivity. Figure A1 . Estimated values of final germination proportion on exogenous Fluridone gradient (A) and time to 50% germination (B) of the FLU gradient (t50) of B. pilosa cypsela. The symbols represent estimated values for cypselae types (types) among the different FLU concentrations (hormone) and collected populations (populations). The binomial model for the FLU concentrations accounted for types, hormone, types x hormone as fixed effects, and the populations as random effect. The time-to-event analysis model (AFT) of the germination time generated account for types, hormone and types x hormone. For graphical purposes random effects were not considered. Error bars = Standard error. The "+" and "x" represent real data results.
Annex A. Exogenous fluridone gradient essay on B. pilosa cypsela.
